In the present study, diachronic changes in fresh and stained placental scars of postpartum house shrews (Suncus murinus) were studied and compared with the actual number of offspring. In nonstained fresh uteri, the placental scars were barely visible externally, except in some exceptional cases. In stained uteri, placental scars were observed in all specimens, even in the oldest animals evaluated (12 months postpartum). The study estimated the number of offspring and time of parturition using the degree of staining in the scars and the change in their forms. As the time postpartum increased, the stained placental scars became discoloured and shrank, making it difficult to distinguish between the scars from normal parturition and those that formed following halted development after implantation. Placental scars provided an invaluable method for estimating the female reproductive state in wild mammals. In captive house shrews, however, placental scars were barely detected in non-stained fresh uteri. Moreover, placental scars were observed in older animals at 12 months postpartum. It can be concluded that, it is not feasible to estimate the number of offspring or time of parturition based on placental scars in wild shrews, which are believed to undergo multiple parturitions a year.
INTRODUCTION
The placental scar is the rudiment that forms when the placenta separates from the uterine tissues. The scar becomes pigmented due to phagocytosis by macrophages of remaining placenta and blood [1] . The number of placental scars should equal the number of post-implantation embryos [2, 3] . As time passes after parturition, the colour and shape of the placental scar changes and these changes may be useful for estimating the time of parturition [4, 5] . Consequently, placental scars have been used to estimate the number of litters and parturition history in various mammalian species [e.g. 1, 6, 7, 8, 9] . However, the degree of change in placental scars with the passage of time postpartum varies across species [10] . Therefore, evaluation references suitable for each species are necessary.
The house shrew (Suncus murinus) (Soricidae, Soricomorpha) is a small mammal found in the tropics and subtropics (South and Southeast Asia) [11, 12] , where it is regarded as a pest because it inhabits human residences and feeds on human food and garbage [13] . It is also a potential host and transmitter of pathogenic bacteria causing contagious diseases in humans [14, 15, 16] . Zoonoses are a particular concern in densely populated urban areas. Therefore, an understanding of this mammal's reproductive conditions would provide invaluable information for taking effective counter measures against such infectious diseases [17] . To our knowledge, no study has examined placental scars in this species till date. Therefore, we examined the placental scars in the house shrew for assessing its population dynamics through female reproductive success. We observed diachronic changes in the placental scars of captive house shrews and evaluated the changes in the colour and shape of these scars with respect to the actual litter size.
MATERIALS AND METHODS

Animals
The KAT laboratory suncus strain was used; this strain was derived from wild populations in Kathmandu, Nepal [18] . Virgin adult females were mated with males overnight. In consideration of phenotypic individual differences, the matings were conducted so that multiple parous females can be secured at each stage. Finally, five females were sampled each month from 1 to 6 months and again at 8 months after parturition and three and two females were sampled 10 and 12 months after parturition, respectively. The number of young born in each litter and the date of birth were recorded within 3 days after parturition. The animals were housed individually in plastic cages containing wood chips under a 12L:12D photoperiod at 25℃. Water and food (commercial trout pellets; Feedone Co., Ltd., Yokohama, Japan) were available ad libitum. All animal experiments were conducted in accordance with the Regulations for Animal Experiments of the Okayama University of Science. The experimental protocols, including those involving animals (Exp2017-06), were approved by the Animal Experiments Committee of the University.
Preparation of the Reproductive Tracts
Isolated uterine horns were first examined under a stereomicroscope (SZX-ILLB100; Olympus Corporation, Tokyo, Japan) to determine the number of placental scars prior to staining the tissues. The staining method was based on the Berlin blue (Perls' Prussian blue) reaction [19] previously used on laboratory rats [20] . The uteri were fixed in 4% paraformaldehyde for overnight, dehydrated in a graded ethanol series, and stained with a freshly prepared acid ferrocyanide solution (equal parts 2% aqueous potassium ferrocyanide and 2% aqueous hydrochloric acid) for 30 minutes. The samples were washed thoroughly in distilled water. After staining, the uterine horns were opened longitudinally and examined under a stereomicroscope. The placental scars were first categorised according to the intensity of pigmentation to differentiate full-term from prematurely terminated pregnancies [5, 10, 21] . Briefly, placental scars from full-term pregnancies formed two dark parallel bands across the uterus with dense pigmentation in the tissue between the two bands. However, the placental scars resulting from prenatal mortality were paler and composed of one or two thin dark lines with little or no pigmentation between them.
RESULTS
Microscopic Observations of Placental Scars before Staining
External observations of unstained fresh uteri from the house shrews (n=40) at the different times postpartum, failed to detect any placental scars except in one animal at 4 months postpartum (animal ID 503a) ( Fig. 1) . Transillumination of the uterus with a strong light revealed thin shadowy images suggestive of placental scars in some samples (data not shown), although these were not confirmed and were recorded as "no placental scar confirmed".
Microscopic Observation of Placental Scars after Staining
In the uteri stained with Berlin blue, most placental scars were derived from the full-term pregnancies. Such placental scars, observed in all animals (n=40) at 1-12 months postpartum, were entirely stained blue, with two dense blue peripheral bands and a paler central crater (Fig.  2 ). We also found some scars that likely indicated ceased development post-implantation. These exhibited a paler stain and smaller size than those inferred to result from full-term pregnancies.
As the time postpartum progressed, the placental scars became paler and smaller (Fig. 3) , although the densely coloured peripheral bands were still observed at 12 months postpartum. The central crater remained densely stained from 1 to 3 months postpartum but became paler and smaller after 4 months postpartum. The placental scars after 5 months postpartum were easily distinguishable from those at 1-3 months postpartum. No great change after 5 months postpartum was observed. The placental scars were round and large at 1-3 months postpartum but narrowed gradually from the mesometrium side toward the anti-mesometrium after 4 months postpartum. 
Comparison between Placental Scar Count and Recorded Litter Size
The number of placental scars obtained from fullterm pregnancies and the recorded litter size for the 40 sampled animals were compared. The mean ± standard deviation (SD) placental scar count per litter was 4.78 ± 1.33 and the mean ± SD litter size was 4.45 ± 1.45. The actual number of offspring never exceeded the number of observed placental scars, while the number of placental scars that resulted from full-term pregnancies exceeded the actual number of offspring in 11 animals (27.5%). A greater proportion of such animals were recorded at later times after parturition (Table 1 ).
DISCUSSION
Identification of Placental Scars from Untreated and Stained Uteri
In most of the examined house shrews, observations of fresh uteri at autopsy failed to reveal placental scars (Fig. 1) . Unlike the house shrew, placental scars are detectable in untreated fresh uteri of rodents, such as laboratory mice and rats [22] . Placental scars were identified in one animal, and transmitted light showed shadows likely representing placental scars in some samples. Therefore, incision of the uterus at autopsy may reveal placental scars, although it is not understood why they were detected only in one animal. In future, the sample size should be greater to confirm the observability of placental scars without staining.
By contrast, the house shrew uteri stained with Berlin blue revealed placental scars at all stages postpartum. Differences in stain colour and shape were observed over time (Fig. 3 ). These differences in the degree of staining may be useful for estimating the number of offspring and parturition time.
Reliability of Estimation of House Shrew Reproductive Conditions Using Placental Scars
The number of placental scars exceeded the actual number of offspring in 27.5% of the animals. More than half of these animals were over 5 months postpartum (Table 1) . After 5 months, the placental scars were paler and smaller (Fig. 3) . This makes it difficult to distinguish placental scars remaining postpartum and to estimate the number of offspring correctly with time. Infanticide and cannibalism shortly after parturition and miscarriage (stillbirth) during the perinatal period are the likely causes of the greater number of placental scars postpartum relative to the actual number of offspring [8, 21, 23] . However, it is impossible to exclude the possibility that a placental scar associated with no parturition was included as a normal placental scar resulting from a full-term pregnancy.
Placental scars in one animal at 12 months after the last parturition were also observed. In wild house shrews, in which multiple parturitions are expected, overlapping placental scars make it difficult to estimate the correct number of offspring and times of parturition. The average longevity of wild soricids is 2-17 months [24] . Species in the genera Suncus and Crocidura inhabiting temperate or tropical regions may breed year-round [24, 25, 26] , and some animals may have multiple parturitions in a year. It is unknown whether the diachronic findings of placental scars in the house shrew are common to other species of genus Suncus or related species. However, when estimating the number of offspring and parturition times using placental scars in wild house shrews, the reliability is likely to be low unless these issues are disregarded. 
CONCLUSIONS
In untreated fresh uteri, no placental scars were observed in the majority of the evaluated house shrews. After staining with Berlin blue, placental scars were observed in all animals from 1 to 12 months postpartum. It is possible to estimate the number of offsprings and time of delivery according to the difference in the degree of staining, but it may be difficult to discriminate normal placental scars from full-term pregnancies with time. Placental scars were also observed in animals at 12 months postpartum, so caution is required when applying this method to house shrews, which breed annually.
